Background-Structural MRI data indicate schizophrenics have reduced left-sided temporal lobe gray matter volumes, especially in the superior temporal gyrus (STG) and medial temporal lobe. Our data further suggest a specificity to schizophrenia spectrum disorders of STG volume reduction. Interpretation of research studies involving schizophrenics may be complicated by the effects of exposure to neuroleptics and chronic illness. Sharing the same genetic diathesis of schizophrenics, subjects with schizotypal personality disorder (SPD) offer a unique opportunity to evaluate commonalities between schizophrenia and SPD, particularly as SPD subjects are characterized by cognitive and perceptual distortions, an inability to tolerate close friendships, and odd behavior, but they are not psychotic and so have generally not been prescribed neuroleptics nor hospitalized. Evaluation of brain structure in SPD may thus offer insight into the "endophenotype" common to both disorders. In addition, differences between groups may suggest which are the brain structures of schizophrenics that contribute to the development of psychosis.
Introduction
A personality disorder is defined in DSM-IV as "an enduring pattern of inner experience and behavior that deviates from the cultural norm and is manifest in cognition, in emotions, in interpersonal functioning, and in impulse control." Recently there has been an increased interest in studying the neurobiology of personality disorders (Cloninger et al 1993; Siever and Davis 1991; Raine 1995) , and, in particular, schizotypal personality disorder (SPD). SPD is characterized by cognitive or perceptual distortions, an inability to tolerate close friendships, and odd behavior, but not frank psychosis. Of particular importance to SPD is the concept of the "schizophrenia spectrum," derived from evidence that persons with SPD and schizophrenia often share a common genetic diathesis and show similar, though not identical symptoms (Kety et al 1967) . Specifically, Kendler demonstrated that SPD and schizophrenic probands, identified without knowledge of the family history, had approximately the same probability of having a schizophrenic relative, 6.9% and 6.5%, respectively (Kendler et al 1993) . Research studies of the schizophrenia spectrum disorders have some advantages compared with the study of psychiatric patients. SPD subjects generally have not been prescribed neuroleptics nor have they been chronically ill, both of which can complicate interpretation of research results. Finally, comparison of findings in SPD with those in schizophrenics may help to clarify what are the factors that lead to psychosis.
In addition to the genetic findings, schizophrenics and SPD subjects share other biological abnormalities: (1) behaviorally, they show impaired eye tracking (Siever et al 1990; Siever et al 1994; Clementz et al 1995) ; (2) neurochemically, they have higher homovanillic acid CSF suggesting dopaminergic dysfunction (Siever et al 1993) ; (3) neuropsychologically, they demonstrate deficits in attention , and difficulty clustering semantically similar words, leading to deficits in verbal learning (Voglmaier et al 1997) ; and (4) electrophysiologically, they show deficits in sensory gating (Perry et al 1997) , reduced P3 amplitudes in left vs. right temporal electrodes (Salisbury et al 1996) , and longer N400 latency/ increased N400 amplitude to congruent sentences (Niznikiwicz et al submitted) .
Despite the recent interest in SPD, the issue of what brain gray matter structural abnormalities, if any, might be present in SPD, remains unresolved. A previous CT study did demonstrate that SPD subjects had larger ventricular brain ratios compared with subjects with other personality disorders (Siever et al 1995) and a MRI study showed ventricular volume in SPD subjects to be intermediate between that of schizophrenic subjects and normal controls (Buchsbaum et al 1997) . A second CT study revealed SPD subjects to have sulcal enlargement (Cannon et al 1994) . Prefrontal volume reduction has also been associated with a high degree of schizotypy in subjects not diagnosed with SPD (Raine et al 1992) .
In contrast, in schizophrenia, many volumetric MRI studies have shown diverse structural abnormalities in many brain regions (for review see Shenton et al 1997; McCarley et al 1999) . Studies revealing abnormalities in two regions of the temporal lobe, the gray matter of the superior temporal gyrus (STG) and of medial temporal lobe structures, have been frequently presented (e.g., Schlaepfer et al 1994; Flaum et al 1995; Zipursky et al 1994) . For example, anterior STG volume reduction has been correlated with the severity of auditory hallucinations (Barta et al 1990) , and, in our laboratory, gray matter reduction in a more posterior portion of the left STG has been correlated with the severity of formal thought disorder (Shenton et al 1991) . These STG abnormalities seem to be specific to schizophrenia, and not to psychosis in general (Pearlson et al 1997; Hirayasu et al 1998) . Involvement of the STG is consistent with the finding that SPD subjects have linguistic and verbal learning abnormalities resembling schizophrenia (Voglmaier et al 1997) , and language processing is known to involve the STG. In the second region, the medial temporal lobe, volume reductions of the hippocampusamygdala complex and parahippocampal gyrus have been shown in schizophrenia by other investigators (Pearlson et al 1997) , as well as by our own laboratory (Shenton et al 1992) . Before the current study, however, the temporal lobe of SPD subjects had not been evaluated with thinly sliced, high resolution quantitative volumetric MRI technology.
Where should one look for structural abnormalities in SPD? Our a priori hypothesis was that the SPD subjects would have smaller left STG compared with controls. This was based on the consistency of this finding in our laboratory in both chronic (Shenton et al 1992) and first psychotic episode schizophrenia, and this area's most clear differentiation of first episode schizophrenics from first psychotic episode affective disorder patients, as contrasted with the medial temporal lobe structures of amygdala/hippocampus and parahippocampal gyrus, where the two first episode groups were not significantly different in our data (Hirayasu et al 1998) . We also evaluated medial temporal lobe structures for volumetric abnormalities and for departures from normal asymmetry, but did not make specific predictions about findings a priori.
Methods and Materials
Subject Recruitment SPD subjects were recruited from the community as opposed to acquiring SPD patients from clinics. The latter recruitment was not done because it might have opened the sample to bias because of the increased severity and the use of psychotropic medication commonly found in a clinic population. The following newspaper advertisement was, therefore, used to recruit subjects from the general community:
"Sixth Sense/Very Shy: A study at Harvard Medical School seeks right-handed people who believe they have ESP, telepathy, or a "sixth sense;" often mistake noises for voices; sense the presence of others when alone; have extreme social anxiety (or discomfort) in social situations involving unfamiliar people; and have (very) few friends. Earn up to $200. Call …" This advertisement tapped the DSM-IV diagnostic criteria for SPD that include (symptoms and signs illustrated from our subjects' reports and behavior are in parentheses): (1) ideas of reference (thinking that this study was designed just because the subject needed money); (2) odd beliefs (thinking that concentration could make a cloud change shape) and superstitiousness or "sixth sense;" (3) abnormal perceptual experiences (seeing one's face distort in the mirror, sensing a "presence"); (4) odd and vague speech; (5) paranoia (thinking that co-workers were against one); (6) constricted affect (no change in facial expression); (7) odd and peculiar appearance or behavior; (8) no close friends; and (9) extreme social anxiety (avoiding going to clinic or working with people). At least 5 of these 9 criteria must be met for diagnosis by DSM-IV criteria.
Of the 472 subjects who responded to the advertisement, 303 underwent an extensive telephone screen. The other subjects were female, left handed, or unable to be reached and were thus excluded from further study. Only males were involved in this initial study to eliminate the confounding effect of sex on brain morphology, particularly as limbic structures were evaluated, and sex hormones are known to effect development of limbic structures (McEwen and Magarinos 1997) . Future studies will focus on female SPD subjects. During the telephone screen, the subjects were asked questions to see if they fit the inclusion criteria of right-handed males between 18 and 55 years old; English as the primary language; no history of neurologic disorder, ECT, drug or alcohol dependence ever or abuse in the last year; and no current use of psychotropic medications (including steroids). In addition subjects were asked each of the diagnostic questions from the SCID II (to assess the presence of personality disorders) for SPD. Of the 303 subjects, 84 met inclusion criteria and answered at least three SCID SPD questions positively. The remaining subjects did not. After complete description of the study to the subjects, written informed consent was obtained. These 84 subjects were given a formal SCID-P and SCID II interview with a licensed psychiatrist or psychologist. The use of a psychiatrist and psychologist was critical as they were trained to probe with follow-up questions and to detect nuances of behavior and history that were needed to establish the correct diagnosis. Interviews were videotaped, and one half were reviewed by a second licensed psychologist to insure proper diagnosis. The interrater reliability for diagnosis of SPD was κ = .89.
Thirty subjects met at least 5/9 criteria required for the diagnosis of SPD. Of these, nine subjects were lost to follow up, three became claustrophobic in the MRI scanner, and two exceeded the scanner weight limit, leaving a total of 16 SPD subjects. Those SPD subjects from whom MR images were not obtained did not differ from the reported 16 subjects in terms of age, years of education, estimated IQ, personal or parental socio-economic status, or total number of DSM-IV criteria met. Only 4 of the 16 SPD subjects had ever had counseling; this consisted of marital, pastoral, or family counseling, with a duration from two weeks to less than one year. None of the subjects had seen a psychiatrist nor been hospitalized for a psychiatric disorder. Subjects were asked about psychiatric treatment and symptoms in relatives. Only one subject gave replies consistent with having a first degree relative with psychosis; two other subjects gave replies consistent with relatives with depression; and one subject reported a relative with autism. Although SPD and schizophrenia share the same genetic diathesis, this study was not a family study. In this subject sample, there does not seem to be obvious heavy genetic loading. SPD subjects had a mean of 1.3 additional DSM-IV personality diagnoses, with the most common being paranoid (n = 6) and borderline (n = 5) personality disorders. Five SPD subjects also met lifetime criteria for Axis 1 disorders: 2 met for major depression and one each for diagnoses of dysthymia, panic disorder, alcohol abuse and polysubstance abuse (all substance abuse occurred more than 2 years before testing). An additional 5 subjects who met only three to four of the five SPD diagnostic criteria were included in a group termed "sub-threshold." Statistical evaluations of these five subjects should be considered preliminary in nature.
Fourteen SPD subjects were given the Thought Disorder Index (TDI) (Johnston and Holzman 1979) ; the other two subjects were lost to follow-up before completing the TDI. The TDI consisted of showing subjects 10 Rorschach cards and recording their responses. This language sample was scored for language abnormalities.
Healthy male comparison subjects were recruited from the community with a different advertisement and similarly under-went SCID and SCID II interviews. Comparison subjects had the additional inclusion requirement of no personal or family history of psychotic or bipolar illness nor own personality disorder. Fourteen comparison subjects were age matched to the 16 SPD subjects. The percentage of study completers was not different between the two groups (about 50%) (see Table 1 ). Table 1 shows that parental socioeconomic status did not differ between the SPD subjects and comparison subjects, but SPD subjects themselves had a lower socioeconomic status than the comparison group (t value = −2.39, df = 28, p = .02).
MRI procedures
To allow for comparison, MRI procedures employed were similar to those previously used by this laboratory in a study of schizophrenic patients (Shenton et al 1992) . Images were acquired on a 1.5 Tesla MRI system (GE Medical Systems, Milwaukee, WI), the same scanner used for the previous schizophrenia study, although there was an upgrade of the gradient coil and some of the software programs used in data analysis. The fact that these hardware and software changes could possibly affect signal intensity was one of the reasons for comparing SPD subjects and schizophrenics on the basis of z scores. The following acquisition parameters were used: sagittal: localizer series to insure proper prescription of axial and coronal images, (TR 600 ms, TE 19 ms, 4.0 mm thick with 1.0 mm skip); axial: used in the analysis of intracranial contents (ICC) (52 3 mm double-echo spin-echo slices, TR 3000 ms, TE 30 and 80 ms, 3.0 mm thick and interleaved); and coronal: (124 contiguous slices with no skip, 3D spoiledgradient-recalled-echo, TR 35 ms, TE 5 ms, nutation angle 45 degrees, and voxel size .975 × . 975 × 1.5 mm). For all images, FOV was 24 cm, with a matrix size of 256 × 256 (192 phase encoding steps with zero filling). Images were processed on workstations (SPARC2 Sun Microsystem, Mountain View, CA) using locally developed software algorithms. A preprocessing filter was used to remove artifact due to magnetic field inhomogeneity or movement, although maintaining anatomical distinction (Gerig et al 1992) .
Temporal lobe gray matter ROIs were drawn without knowledge of diagnosis. The ROIs included the STG, anterior hippocampus/amygdala complex, posterior hippocampus, and the parahippocampus, as illustrated on the coronal section in Figure 1A . The anterior extent of the ROIs was the first slice that contained a clear white matter tract connecting the temporal and frontal lobes; the posterior extent was the slice that contained the complete crux of the fornix. The slice containing the onset of the mamillary bodies was used to divide the hippocampus/ amygdala complex into the posterior hippocampus and the anterior hippocampus/amygdala. The use of the mamillary body as a landmark to separate the structures is arbitrary but highly reliable (Shenton et al 1992; Bogerts et al 1990) . As illustrated in Figure 1B , the portion of the STG examined in this study included a small portion of the temporal pole, Heschl's gyrus (unimodal auditory sensory cortex), and the majority of the planum temporale (unimodal auditory association cortex). These boundaries were exactly the same as those used in the previous study of schizophrenics to allow for comparison between studies. The ROI rater employed in this study was trained by the rater of the previous study (M.E.S.), the senior author on the present study. As is standard for our laboratory, and after extensive training, interrater reliability was established for the ROIs by having three different trained raters trace each of the ROIs on scans from three different subjects randomly selected. The intraclass correlations for the interrater reliability for manually drawing the ROIs were high: for the STG, r = .98; hippocampus/amygdala complex, r = .97; and for the parahippocampus, r = .95.
Statistical Methods
We consistently used non-parametric Mann-Whitney U Tests as ROI volume measurements were not normally distributed. Because our a priori hypothesis was that the SPD subjects would have smaller left STG compared with controls, the p values for that comparison do not reflect correction for multiple comparisons; further, although a one-tailed test would be appropriate for testing this a priori hypothesis, we conservatively use a two-tailed test. For other, nonpredicted comparisons, we adjusted for multiple comparisons. The finding of parahippocampal asymmetry was not predicted and was demonstrated during post hoc analysis, as were all tests of asymmetry. For these non-predicted comparisons, alpha level for statistical significance was set at p < .004, calculated as four ROIs times three measures (left, right, and asymmetry).
To correct for potential differences in brain size, the following procedures were performed. Initially, we calculated a simple ratio of absolute ROI volume to ICC, termed the relative volume. Because there remained a correlation between relative volumes and ICC, we performed linear regression measures on the absolute volume to adjust for ICC (see Table 2 ). Although it is generally agreed upon that it is important to statistically account for the differences of overall brain size, there is no clear standard for accomplishing this. Many laboratories prefer using this linear regression method. We include data for each step to allow for comparison with other studies in the literature. Effect size calculations for the asymmetry comparisons used the standard deviation from the control group. Z scores were used to compare schizophrenic and SPD volumes as the two subject groups were not matched and differed on demographic variables that may co-vary with ROI volume such as socioeconomic status (Pearlson et al 1989) and years of education (Andreasen et al 1990) , in addition to potential signal intensity issues described above. The means and standard deviations came from each study's respective comparison groups.
Results

SPD Volumetric Measures
As illustrated in Figure 2 , the principal finding of this study was that the SPD subjects had a statistically significant gray matter volume reduction of the left STG compared with the comparison group using absolute volumes (U = 45, p < .005, two-tailed); this figure also shows that the absolute volumes of the sub-threshold subjects did not differ from the comparison group. After using a linear regression correction for the volume of total intracranial contents, the STG remained significantly smaller in the SPD sample than in the comparison group (U = 56, p < .02, two-tailed). In the limited pilot comparison, sub-threshold subjects did not differ from the comparison group on this measure (U = 27, p = .46, two-tailed). We realize these results from such a small sample must be interpreted judiciously, and confirmation in a new sample will be needed to determine whether or not such findings are present in a larger sample of sub-threshold subjects.
No other ROI differed significantly between the SPD and comparison groups, nor was there a difference in ICC between the SPD and comparison groups (U = 83, p < .23, two-tailed). The mean number of slices used in the volume determination did not differ between the SPD and comparison subjects (U = 73.0, p = .1, two-tailed).
Parahippocampal asymmetry, measured as left minus right ICC-adjusted volume, was significantly different in the two groups with SPD subjects showing a more negative left minus right difference than comparison subjects (U = 40, p < .003, two-tailed, effect size of 1.03). STG asymmetry was not significant when adjusted for multiple comparisons although SPD subjects had a more negative left minus right difference (U = 74, p = .11, two-tailed, effect size of 0.58). Sub-thresholds did not differ from comparison subjects on measures of asymmetry.
SPD MRI Comparisons with Schizophrenics
To compare the present volumes with our previously reported data from 15 right-handed chronic schizophrenic males (with a mean age of 37.6) (Shenton et al 1992) , all ICC adjusted volumes were converted to Z scores (as described in Methods, the z-score conversion was necessary because the SPD and schizophrenic groups were not demographically matched and because of the possible effect of upgrades in imaging hardware and software in the time between scanning the schizophrenic and SPD groups). Figure 3 shows that, as predicted, there was no difference in left STG volume Z scores between the schizophrenics and the SPD subjects (U = 96, p = .34). The Z scores of schizophrenics, compared with the SPD subjects, did show a smaller anterior hippocampus/amygdala complex on the left (U = 116, p = .03); two other medial temporal lobe structures showed a trend toward statistically significant smaller values for schizophrenic subjects, anterior hippocampus/amygdala complex on the right (U = 105, p = .053) and right parahippocampus (U = 72, p = .058).
Thought Disorder
The SPD subjects demonstrated a marked degree of thought disorder with a mean score of 24.5 (SD = 19.21) on the Thought Disorder Index, approximately half of that of schizophrenics (Figure 4) . Sub-threshold subjects exhibited less thought disorder (mean = 9.0, SD = 4.4) than SPD subjects but more than normal controls who score <5 on this measure (Johnston and Holzman 1979) . There was no correlation between thought disorder and STG volume, nor with the volume of any other ROI.
Discussion
This report's main finding of reduced left (dominant hemisphere) gray matter volume of STG in SPD subjects provides the first quantitative volumetric evidence of temporal lobe gray matter change in SPD. Although altered neurotransmitter systems (Cloninger et al 1993; Siever and Davis 1991) and genetics (Kendler 1988; Kendler et al 1993) have been proposed to contribute to the etiology of some personality disorders, abnormal brain structure has generally not been described as a factor (Gunderson and Phillips 1995) . The findings of the present high resolution quantitative volumetric MRI study, in conjunction with previous reports (Raine et al 1991; Cannon et al 1994; Siever et al 1995; Buchsbaum et al 1997) , offer increasing evidence for brain abnormalities in SPD.
Interestingly, the STG gray matter volume reduction was specific to SPD subjects who met full criteria, as contrasted with its absence in the limited comparison with the sub-threshold subjects, who met only 3-4 of the required 5 SPD DSM-IV diagnostic criteria. If this pilot finding holds as the number of sub-threshold subjects increases, this may support the validity of the DSM-IV criteria for SPD. The comorbid diagnoses in our SPD subject group serve to strengthen our findings as it would not be predicted that a diverse set of diagnoses would have the same anatomic abnormality.
A key point in our study was the ability to follow the same MRI and ROI protocol used previously by our laboratory in the study of schizophrenia (Shenton et al 1992) . ROI were similarly hand traced as opposed to automatically segmented-current automated programs have difficulty distinguishing subtle gray/white matter distinctions, particularly in morphometrically complex structures such as the hippocampus, and manual tracing remains the current standard for ROI definition (see consensus report of a recent neuroimaging conference, McCarley et al 1996; and reviews, Shenton et al 1997; McCarley et al 1999) . In the original study of chronic schizophrenics by Shenton and colleagues, the schizophrenics compared with their matched control group showed left hemisphere volume reductions in the STG, anterior amygdala/hippocampus complex and parahippocampus (Shenton et al 1992) . That was a more extensive set of abnormalities than was found in this current study of SPD subjects, where we have shown the SPD subjects to have left sided abnormalities only in the left STG compared with their matched control group.
These findings support the hypothesis of the importance of STG involvement in the schizophrenia spectrum disorders. A recent review (McCarley et al 1999) has pointed to converging evidence that, especially when STG gray matter volume is measured on high resolution MRI scans, it is reduced in schizophrenics. As described in this review, all 7 of the studies evaluating STG gray matter in schizophrenics compared with comparison subjects showed reduced volumes (Shenton et al 1992; Schlaepfer et al 1994; Zipursky et al 1994; Menon et al 1995; Hajek et al 1997; Sullivan et al 1998; Hirayasu et al 1998) , as did six of the nine studies lumping gray and white matter together (Barta et al 1990; Flaum et al 1995; Tune et al 1996; Barta et al 1997; Marsh et al 1997; Reite et al 1997) . Negative findings were reported in three studies (Vita et al 1994; Kulynych et al 1996; Woodruff et al 1997) . The specificity of volume reduction in the STG segment measured in the present study to schizophrenia spectrum disorders is suggested by the absence of this finding in chronic bipolar disorder subjects (Schlaepfer et al 1994; Pearlson et al 1997) and our own data on first psychotic episode subjects with bipolar disorder (Hirayasu et al 1998) .
Our findings are also consistent with other data pointing to left temporal lobe abnormalities in the schizophrenia spectrum disorders (McCarley et al 1993a) , including neuropsychological (Green et al 1994; Nestor et al 1993; Voglmaier et al 1997) ; evoked potential (McCarley et al 1993b; O'Donnell et al 1993) , and neuroimaging data (for review see Shenton et al 1997; Pearlson et al 1997; Bogerts et al 1990; Rossi et al 1993; Petty et al 1995; Turetsky et al 1995) .
The abnormal TDI scores in SPD finding is consistent with a recent study that used the TDI with biological relatives of schizophrenic probands who were were adopted away at about one month of age. These relatives were given a semi-structured interview (SADS) not unlike the SCID. Six of the subjects met criteria for either borderline schizophrenia (n = 3) or SPD (n = 3) and this combined group of six did exhibit a trend toward an elevated TDI not found in the control adoptees (Kinney et al 1997) . Of the three SPD subjects, two had TDI scores greater than the siblings of the control group and one had a TDI score higher than the mean for the schizophrenics (Dr. Kinney, personal communication) . In their comments, Kinney et al, suggested that the thought disorder may be due to genetic factors in the schizophrenia spectrum (Kinney et al 1997) . As the STG is thought to be an important substrate for language processing, the finding of abnormal STG morphology SPD is consonant with the clinical symptomatology of language abnormalities (see review McCarley et al 1993a) . Unlike the chronic schizophrenic sample (Shenton et al 1992) there was no direct correlation between the TDI scores and the left STG gray matter volume, nor with the volume of any other ROI in these SPD subjects. This may reflect, in SPD subjects, a more subtle relationship between clinical variables and any one structural ROI than in the schizophrenic sample, or a relationship between TDI and one or more of the ROI we did not examine.
An important general question in studies of the schizophrenia spectrum is why are schizophrenics psychotic, although SPD subjects are not, given their similar genetic diathesis. This paper has shown that SPD subjects have left STG volume reduction and parahippocampal asymmetry although schizophrenics have more extensive abnormalities, especially in the medial temporal lobe (Shenton et al 1992) . In the absence of a specific gene found for schizophrenia, it is not possible to determine causation, but it is conceivable that the additional structural abnormalities in schizophrenia may account, in part, for the difference in clinical severity. The features of SPD may be due to a series of cognitive and language/thought processing abnormalities occurring along a circuit in the temporal lobe. We have demonstrated reduced gray matter volume of the left STG, an important area of language processing. Information from the STG passes to the parahippocampal complex. What forms of information processing might occur in the parahippocampus is less well known, but this structure is the key input/output zone for the hippocampus (Squire and Zola-Morgan 1991) . Recently, direct electrical recordings from the anterior medial temporal lobe (including the hippocampus/ parahippocampus) have implicated this area in the processing of semantic representations (McCarthy et al 1995) as well as being important for memory retrieval. Schizophrenics have volume reductions in both in the STG and medial temporal portions of this circuit although SPD subjects have only STG volume reductions. This difference might account, in part, for the additional clinical symptoms in schizophrenia such as overt auditory hallucinations and paranoid ideation. For example, recent neuroimaging studies of schizophrenics have shown abnormal hippocampal activation during hallucinations (Silbersweig et al 1995) . Whether additional structural abnormalities exist in other brain regions in SPD and whether females with SPD are similarly effected remains to be further elucidated.
Another important question concerns the potential mechanisms leading to greater structural alterations in schizophrenia. One mechanism might be gene interactions during brain development that occur in schizophrenia but not SPD, although another, non-exclusive possibility is post-natal medial temporal lobe volume reduction in schizophrenia . Data presented here suggest that the singular volume reduction of the STG might be regarded as a potential biological marker of the schizophrenia spectrum, a component of the "endophenotype." The possible role of environmental factors in triggering a full-blown schizophrenic episode suggests also that the STG volume reduction might be a vulnerability marker. If patients can be differentiated into those who will have a more benign course and those who will have a more serious illness, early in their presentation, then research might be directed toward early intervention either with different social, cognitive, or pharmacologic treatments that may allow better compensation for the anatomic abnormalities. (A) SPGR coronal image demonstrating the manual delineation of the ROI in a SPD subject. Image right side is the left side of the brain. The left STG is shown in red, the right in magenta, left hippocampus is in orange, the right in green, the left parahippocampal gyrus is in bright blue, and the right in purple. (B) MRI 3D rendering of a SPD subject's brain with the left STG highlighted in red. For clearer visualization of the gyral structure, the brain surface was eroded one voxel in constructing this figure. Z score graph (SD = 1) comparing the ICC adjusted STG gray matter volume for subjects in the schizophrenic (Shenton et al 1992) (n = 15), SPD (n = 16), and combined comparison (control) group from both the schizophrenic and SPD studies (n = 29). Graph displaying the degree of formal thought disorder using the Thought Disorder Index for schizophrenic (Shenton et al 1992) , SPD, and sub-threshold subjects. Volumes for all temporal lobe gray matter ROI with standard deviations in italics and in parentheses. The first group of numbers is the absolute volume (in mls). The second group (regression) is the mean deviation (in mls) from the regression line relating the absolute volume of each ROI to the ICC volume; this is the value used in our tests of statistical significance.
*
Indicates only the left STG is statistically significant. The third group is the relative volume (absolute volume/ICC), given for comparison with other studies, but not used in our analyses. 
